replacement, even if it is moderately impaired preoperatively.4-12 However, postoperative contractile state was not assessed in these earlier studies See p 1051 because no load-independent index of contractile function was available for clinical use. Therefore, the purpose of the present study was to evaluate the preoperative and postoperative contractile states in patients with AR by methods recently developed for assessing myocardial contractile function,3 13-'5 and to examine the relation between postoperative alterations in ejection performance and loading conditions.
Methods Patients
All patients with isolated, chronic AR who underwent aortic valve replacement at Osaka University Hospital between July 1978 and December 1987 were reviewed. Patients with any of the following characteristics were excluded: aortic stenosis (mean gradient, >5 mm Hg), mitral stenosis (mean gradient, >5 mm Hg), greater than trace mitral regurgitation, or evidence of significant coronary artery disease (50% or greater stenosis). Of the 69 patients identified, 35 patients underwent cardiac catheterization before and more than 6 months after aortic valve replacement and had left ventriculograms which allowed volume and stress analysis. There were 30 men and five women, ranging in age from 15 to 60 years (mean, 43 years). Twenty-nine patients underwent surgery because of significant cardiac symptoms (functional class II to IV, New York Heart Association classification) despite extensive medical treatment. The remaining six patients were subjectively asymptomatic (functional class I), and aortic valve replacement was recommended because of consistent evidence of cardiac enlargement on the basis of serial chest roentgenograms or echocardiography. No patient was denied surgery because of severity of preoperative left ventricular dysfunction.
Postoperative cardiac catheterization was performed a mean of 26 months (range, 6-80 months) after surgery. The indications for postoperative catheterization were not selective, but all patients were free of any signs of perioperative myocardial infarction and signs of coronary artery disease during the follow-up period. The purpose of repeat catheterization and the invasive nature of the tests were explained in detail to all patients. Patients who gave informed consent underwent the postoperative study. None had complications from either preoperative or postoperative catheterization.
Medications
Preoperative cardiac medications included digoxin (23 patients), diuretics (11) , long-acting nitrates (seven), calcium-channel blockers (four), propranolol (three), and captopril (one). After surgery, medical therapy consisted of administration of digoxin (29 patients), diuretics (11) , nitrates (three), calciumchannel blockers (three), and propranolol (one). Hence, cardiac medications in use before and after surgery were not significantly different. Two patients were considered to have systemic hypertension postoperatively, which was controlled with medical therapy. Four patients in whom borderline hypertension was suspected received nitrates or calcium-channel blockers.
All medications were withheld for at least 12-24 hours before catheterization.
Preoperative Cardiac Catheterization
Right and retrograde left heart catheterizations were performed in all patients. Premedication consisted of meperidine hydroxychloride (1 mg/kg i.m.) and hydroxyzine (1 mg/kg i.m.). Cardiac output was determined by the dye-dilution method. An 8F micromanometer-tipped angiographic catheter (Millar Instruments, Inc., Houston) was used in nine patients to allow simultaneous high-fidelity recording of left ventricular pressure during contrast ventriculography. In the remaining 26 patients, well-flushed fluid-filled catheters connected to a Statham P23Db or P231D transducer (Spectramed Inc., Cardiovascular Products Division, Oxnard, Calif.) were used. Aortic pressure and left ventricular pressure were recorded immediately before left ventriculography, during which time there was no change in heart rate. In the nine patients in whom the Millar catheter was used, the time delay in transmission of pressure through the fluid-filled catheter was about 10 msec, with the difference in peak left ventricular systolic pressure (LVPSP) being less than 5 mm Hg. The LVPSP recorded just before ventriculography was virtually identical to the pressure measured during contrast injection in these patients. Pressure tracings were recorded at a paper speed of 100 mm/sec with an eight-channel optical recording system. Left ventriculography was carried out using biplane 35 mm cineangiography (300 right anterior oblique and 600 left anterior oblique projections) in 29 patients, and single-plane 35 mm cineangiography (30°right anterior oblique projection) in six patients. Aortic root angiography was performed on all patients to estimate the degree of aortic regurgitation. All patients more than 40 years old, those experiencing chest pain on exertion, and those suspected of having coronary artery disease underwent coronary arteriography.
Postoperative Studies
The left ventricle was catheterized postoperatively using the transseptal technique in all patients. Preoperative and postoperative studies were performed using the same equipment and the same catheter manometer systems; a micromanometer-tipped angiographic catheter was introduced transseptally into the left ventricle in the same nine patients.
Simultaneous left ventricular and aortic pressures were recorded immediately before left ventriculography. In addition, aortic pressure was recorded during ventriculography in all patients through a fluid-filled catheter (8F pigtail) placed in the ascending aorta. We did not see any significant changes in either pressure or heart rate at the time of these two recordings. Precise synchronization between aortic pressure and cineventriculography was made possible by a cine frame marker, which recorded a mark for each film exposure (60/sec) on the simultaneous pressure recordings. Two The intraobserver (K.T.) and interobserver variabilities (K.T. vs. K.S.) of volume and wall thickness measurements were evaluated by the end-diastolic frames of 20 ventriculograms. For volume measurements, intraobserver variability was 2.3±+ 1.5% (mean ± SD) and interobserver variability was 3.6±3.6%. For wall thickness measurements, intraobserver variability was 3.6±2.8% and intraobserver variability was 6.5 ±4.6%.
Surgical Technique
All patients underwent aortic valve replacement with a Bjork-Shiley tilting disc prosthesis within 3 months of preoperative catheterization. The average aortic cross-clamp time was 68±21 minutes. In addition to systemic hypothermia, myocardial protection during the surgery was provided by a cold potassium cardioplegic solution and topical cooling with ice slush. The dose of cardioplegic solution was determined by methods previously reported. 25 No patient had evidence of perioperative myocardial infarction.
Normal Subjects
For purposes of comparison, normal values for quantitative angiographic and left ventricular function data were obtained from 30 normal subjects who Stress and Ejection Perfornance ESS, which was used as a measure of afterload and was elevated in the AR group, decreased after aortic valve replacement (Table 2) . Similarly, PSS decreased significantly. EDS, which was used as a measure of preload and was also higher in AR, decreased after surgery. The EF, which was depressed preoperatively, showed a significant increase postoperatively.
There was a significant negative correlation (r=-0.65, p<0.001) between the magnitude of increase in EF after surgery and the change in ESS (Figure 1) , indicating a strong association between a long-term decrease in afterload and an improvement in pump performance after aortic valve replacement. The postoperative increase in EF was also related to the decrease in the ESVI (r=0.35, p<0.05), but was not related to changes in the EDVI (r = 0.19), EDS (r=0.10), or LVMI (r=0.22). The increase in EF after valve replacement was also unrelated to the preoperative regurgitant volume/EDV ratio (r=0.16). Preoperatively, 23 of the 35 patients with AR had EF values that fell below the 95% confidence limit of the EF-ESS relation for control subjects (Figure 2A) . Postoperatively, 18 patients still had abnormal relations of EF to ESS that fell below the 95% confidence limit for control subjects. Although the disproportionate impairment of EF in relation to ESS was less frequent postoperatively than preoperatively, the difference was not statistically significant. As shown in Figure 2B, Comparison of the two population regressions by analysis of covariance showed no significant difference for the slopes but a significantly (p<0.001) lower intercept for AR patients than for controls (Figure 3) . compared with control subjects-and showed a significant increase after surgery ( Figure 4 ). Postopera- contractility were not assessed in these e ies. A major finding in our study was EF after surgery. In contrast, Schwarz et a17 recently studied patients with AR who underwent aortic valve replacement during cardioplegic arrest and found a remarkable improvement in EF and a reduction in PSS. Our observations were similar to these findings. Although Schwarz et al acknowledged that postoperative changes in ejection performance could be attributable to reduced afterload, they nonetheless concluded that a complete postoperative restoration of myocardial contractility accounted for improvements in ejection performance. However, the strong correlation found in our study between the magnitude of increase in EF and the change in ESS provides evidence that improvements in ejection performance were due at least in part to a reduction in afterload. Importantly, the contractile abnormalities as assessed by the EF-ESS relation appeared to be virtually unchanged postoperatively, because individual relations changed parallel to the normal regression line. In the presence of a postoperative reduction in preload, this finding might imply a slight increase in contractility. In the present study, however, analysis of the MNSERmcESS relation, which has been suggested to be a preload-insensitive alternative to the shortening-ESS relation,15 also supported conclusions derived from EF-ESS analyses, namely, that contractile dysfunction was present in a substantial number of patients with AR, and significant changes in contractile state did not occur after aortic valve replacement.
Regression of Left Ventricular Hypertrophy
We observed that LVMI decreased substantially after aortic valve replacement, although it did not return to normal. This decrease in LVMI appeared to occur rather rapidly after surgery so Estimation of preload, the sarcomere length at the beginning of contraction, has also been problematic. Although EDS, a measure of preload, substantially decreased postoperatively, this decrease might be affected by factors extrinsic to the left ventricle. 33 The usefulness of the ejection phase index-ESS relation is limited by the extent to which corrections for preload are affected by these factors. 34 There are some problems inherent in our angiographic techniques. We 
